The Achievement Emotions Questionnaire is a self-report instrument developed to measure the emotions of students in academic situations. The main purpose of this research was to adapt and validate this questionnaire to assess pre-adolescent class-related and test-related emotions towards mathematics. The participants were 1515 Portuguese students from grades 5 and 7 (age range 10-13 years). Confirmatory factor analyses and descriptive statistics confirm the reliability and internal validity the Achievement Emotions Questionnaire for PreAdolescents (AEQ-PA), providing evidence that the AEQ-PA is an effective instrument to assess pre-adolescent achievement emotions towards mathematics classes and tests.
5 AEQ -Pre-Adolescents instead of the AEQ-M because it is more comprehensive. The AEQ measures nine emotions and includes relief which is not measured by the AEQ-M. Relief is a positive deactivating emotion and without it this category of emotions would not be taken into consideration. To represent the 2 (valence) x 2 (activation) taxonomy of achievement emotions (Pekrun, 2006) , all four cells must be represented (see Table 1 ), which is the case with the AEQ but not the AEQ-M.
( Table 1 about here) Adapting the AEQ to pre-adolescent students is important since it enables the study of achievement emotions in different academic subjects (here the focus was on Mathematics) and with students of different ages. In pre-adolescence students face an important transition between elementary and middle school, which presents multiple changes and challenges, so it is important to study their emotions towards achievement situations.
Method Participants
The participants were 1515 Portuguese students (51.2% girls) aged 10 to 13 years (M = 11.3 years, SD=1.13), attending the 5th (N=886; Mage= 10.54; SD=.74; 51% girls) and 7th grades (N=629; Mage= 12.41; SD=.49; 52% girls). These students were from 13 public schools in the Lisbon area selected by convenience. The class-related version was initially completed by 1670 students and the test-related version by 1624. In each version, nearly 10% of the participants were excluded due to their age (>13 years old) or because they had missing values on more than five items. Therefore the statistical analyses of the class-related version were conducted with 1469 participants and those of the test-related version with 1515 participants. The difference between the number of participants who completed the class-6 AEQ -Pre-Adolescents related version and the test-related version was due to the students that were missing classes when the two questionnaires were administered.
Measures
The AEQ-PA scales to assess class and test-related emotions were adapted from the AEQ (Pekrun et al., 2005) and translated into Portuguese. Several interviews with students were conducted to ensure that the items were understood by pre-adolescent students as well as to check any ambiguity in the items (some of them were rephrased accordingly). Factor structures and reliability were also examined in small scale pilot studies. Since we were adapting the AEQ to pre-adolescents and the original instrument is too extensive, the number of items assessing each emotion was reduced to six by choosing those which presented higher factor loadings in the studies referred to. The version used in this study was a 48-item questionnaire (6 items for each emotion) both for class and test versions (see Appendix for examples). The class version assesses boredom, hopelessness, anger, anxiety, enjoyment, pride, hope, and shame. The test version assesses the same emotions, except boredom which was replaced by relief. For both versions, items are ordered in three blocks (before, during, and after class or test). Items are answered on a 5-point Likert scale (completely disagree to completely agree).
Procedure
Data for the AEQ-PA class version was gathered in the second term and data for the test version was gathered in the third. Written parental consent was obtained. Students were assured of the confidentiality of their responses and participation was voluntary.
Data Analysis
Confirmatory factor analyses (CFA) were carried out using Amos Version 21.0 (Arbuckle, 2012) to test the internal structure of the scales. Analyses were conducted using 7 AEQ -Pre-Adolescents the maximum-likelihood estimation. The goodness-of-fit of the models was assessed through: GFI, CFI, TLI, whose values should be ≥.90 (Kline, 2011) and RMSEA, whose values should be ≤.05 along with a small confidence interval (Raykov & Marcoulides, 2006) . Reliability was analyzed using Cronbach's alpha and Composite Reliability indices were computed following the approach of Geldhof, Preacher and Zyphur (2014).
Results
Preliminary CFAs showed either poor fit to the data or identification problems. This analysis also showed very strong correlations (>.90) between Hope and Pride, Hope and Enjoyment, and Anxiety and Shame, suggesting there were multicollinearity problems between these variables, implying that they cannot be differentiated. Selecting one emotion for each of these pairs makes the instrument shorter without substantial loss of information and avoids problems for subsequent analyses that can be produced by multicollinearity.
These results made us decide to exclude shame and hope but to retain enjoyment and anxiety. The two emotions were retained because they are well-researched, which makes it possible to compare the study findings to the existing evidence. Since reliability scores were >.80 for all emotion scales, in order to have a shorter version of the questionnaire, only the four items displaying the highest factor loadings were retained for each emotion.
( Table 2 about showing that a multidimensional structure is adequate for representing achievement emotions (Govaerts & Grégoire, 2008; Lichtenfeld et al., 2012; Pekrun et al., 2011) . The model with 8 AEQ -Pre-Adolescents two factors (positive and negative emotions) is an alternative and plausible model to the six interrelated emotions, leading to the idea of non-differentiation between discrete emotions and also tested in previous research (Lichtenfeld et al., 2012) .
The model with six interrelated factors (Figure 1) presented the better fit to the data both for class-related and test-related emotions, showing acceptable goodness-of-fit indexes (see Table 2 ). The factor loadings and the latent factor correlations for this model can be seen in Figure 1 . Intercorrelations between emotions highlight that positive and negative emotions relate negatively and emotions of the same valence are positively associated, both for class and test situations. The sole exceptions are the positive correlations of relief with hopelessness and anxiety. The final version of the questionnaire is presented in the Appendix. Table 3 shows descriptive statistics, item-total correlations and reliabilities. Skewness and kurtosis values suggest normal distributions, which are reinforced by the small differences between median and mean for each emotion. The reliability values were good (>= .75) and the item-total correlations were medium to high (Cohen, 1988) . These values show that the scales have adequate homogeneity and that each item adequately represents the dimension where it has been included. (Table 3 about here) .
Discussion
The results obtained in the present study suggest that the AEQ-PA adequately assesses seven different achievement emotions related to class attendance and taking tests and exams. CFA and descriptive statistics support the reliability and internal validity of this instrument. Despite having fewer items per dimension and being used with younger students, the AEQ-PA presented reliability values similar to the original AEQ (present study: .75 to .93; Pekrun et al., 2011, study: .77 to .93).
AEQ -Pre-Adolescents
The organizational structure used in the present research is different from that found in the AEQ (Pekrun et al. 2011 ), as we tested the CFA models separately for test and class situations. Despite this and the slight differences in the number and type of emotions assessed, our CFA findings are in line with those in the literature that concluded that a multidimensional structure is more satisfactory for representing achievement emotions than a single factor (Pekrun et al, 2011) or a simple positive versus negative emotion structure (Govaerts & Grégoire, 2008 , Lichtenfeld et al., 2012 . Moreover, the pattern of relationships between emotions is similar to findings in Pekrun et al. (2011) Our findings allowed us not only to understand that pre-adolescents differentiate emotions in each situation, but also opens up the possibility of obtaining different profiles of emotions experienced by students for each situation. In short, the AEQ-PA shows satisfactory psychometric properties indicating that it can be a useful tool for teachers, researchers and psychologists in assessing and understanding pre-adolescent student emotions towards mathematics in both class and test situations.
Some limitations need to be considered. As this adaptation was made with a convenience sample of Portuguese pre-adolescents in mathematics, more research is needed to test the generalizability of the findings across cultures and other academic subjects. Note.
.a Mean of part-whole corrected item-total correlations. 21 AEQ -Pre-Adolescents Figure 1 . Six-factor model for both class-related and test-related emotions. In test-related emotions Boredom was replaced by Relief. B = Boredom; R = Relief; H = Hopelessness; Ang = Anger; Anx = Anxiety; E = Enjoyment; P = Pride. Read from left to right the digits represent factor loadings, and latent factor correlations, respectively for class-related/testrelated emotions
